We report two separate sample-preparation procedures and a "high-pressure" liquid-chromatographic method for quantitating nine tricyclic antidepressant drugs: trimipramine, doxepin, amitriptyline, imipramine, desmethyidoxepin, nortriptyline, desipramine, maprotiline, and protriptyline. The drugs are extracted from 1 mL of serum by a single manual hexane extraction or by using DuPont's PREP I Automated Sample Processor. The drugs from either process are chromatographed on a t-Bondapak-CN column with a mobile phase of acetonitrile/methanol/ Na2HPO4, 5 mmol/L (60/15/25 by vol), pH 7.0, at a flow rate of 2.0 mL/min. Absorbance at 254 nm is linear with drug concentration from 25 to 1000 mg/L for each drug. With the manual extraction procedure the detection limit was 10 mg/L, absolute recovery 20-44%, within-run precision (CV) 10.1%, and run-to-run precision 11.1%. The performance of automated sample extraction was better, with a detection limit of 5 mg/L, absolute recovery 72-97%, within-run precision 6.1 %, and run-to-run precision 6.6%. 
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Materials and Methods

Apparatus
The will allow solvents to be dispensed through a chromatographic column and into two separate receiving cups. The rotor spins clockwise to load a sample into the column bed. The liquid and unadsorbed solutes wash through the column and into the first receiving cup. A wash solution is then dispensed to the top of the column to flush any residual sample and unadsorbed solutes in the bed. This is also collected in the first cup. The rotor then reverses its rotation and the eluting solvent is dispensed onto the column; this solvent is collected into a second cup with the analytes eluted from the column. The extract is automatically dried under a stream of heated air or N2. The various programs allow different drying times and temperatures, and different centrifuge times and rotor speeds. working internal standard for the automated (ISa) and manual (ISm) extraction procedures, respectively. Working standard solutions were prepared by appropriate dilution of the stock solutions with distilled water to yield a range of concentrations from 25 to 1000ig/L. In our experience they were stable for a period of at least one month when stored at 2-6 #{176}C.
Standards and Reagents
Control sera for imipramine and desipramine, amitriptyline, and nortriptyline were purchased from Utak Labs., Inc., Saugus, CA 91350. Pooled serum specimens were processed through both sample-extraction techniques and analyzed by HPLC to verify the absence of peaks at the elution times of TADs, and were subsequently used as serum blanks. Acetonitrile, chloroform, and methanol (all distilled in glass) and hexane (UV-grade) were obtained from Burdick and Jackson Labs., Muskegon, MI 49442. The mobile phase consisted of acetonitrile, methanol, and 5 mmol/L phosphate buffer (60/15/25 by vol), adjusted to pH 7.0. The organic solvents were filtered through a 0.47-zm pore size FHUP 04700 filter, and the phosphate buffer was filtered through a 0.47-izm HAWP 04700 filter (both filters from Millipore Corp., Bedford, MA 01730). The mobile phase was degassed with helium for 15 mm at the rate of 200 mL/min. While in use, the mobile phase was capped and stirred. Column equilibration required a minimum of 30 mm at a flow of 2.0 mL/min. For this study a new column was used. It has been used 0 3 6 9 12 15 exclusively for TAD analysis for more than eight months with TIME (MIN) very strict pH control.
No differences in the quality of resolution have been observed over this period. Each day we analyzed at least three standards and two serum controls with the patients' samples.
Results and Discussion
The resolution of TADs in aqueous solution is shown in Figure 1 . For a background study, we chromatographed 25 separate serum blanks, aliquoted and carried through each extraction procedure. The background (i.e., blank) absorbances at the elution times of TADs were calculated and were equivalent to drug concentrations of 0 to 2 ig/L with average background equivalent to 0.7 ig/L. There was no significant difference in the backgrounds from the different methods. Figure 2 shows typical standard curves resulting from analysis of known amounts of TADs in aqueous solution. The curve is linear from 25 to 1000 ng for TADs in a 5OjzL injection volume containing 500 ng of IS. Peak-area ratios of the respective standards to the internal standard are plotted against their known concentrations.
We observed only a slight difference among drugs added to water, plasma, or serum and carried through the extraction procedure: peak-area ratios were the same over the linear range for each TAD. The absolute and relative chromatographic retention times for each of the drugs and the internal standards, pooled from both manual and automated extraction procedures, are listed in Table 1 . The variation of the absolute and relative retention times is less than 4.4%.
TADs at concentrations of 100 and 400 ig/L were added to eight replicate human serum samples and analyzed by use of Relative recoveryb Trimipramine 88 (6) 88 (9) 76 (6) 78 (11) Doxepin 112 (9) 100 (6) 123 (10) 97(10) Amitriptyline 113 (9) 98 (7) 117 (10) 95 (8) lmipramine 112 (8) 89 (4) 111 (7) 93 (9) Mortriptyline 99 (4) 101 (3) 98 (4) 104 (4) Desipramine 98 (3) 101 (3) 99 (5) 99 (3) both the manual and automated extraction procedures. Table  2 lists the percentage recovery for six drugs, calculated by comparing peak areas of the analytes after either extraction technique with those of the direct injection of nonextracted aqueous standards. The absolute recovery ranges from 20 to 44% when manual extraction is used and from 72 to 97% with the PREP I. This almost twofold difference confirms the results shown in Figure 3 . Relative recoveries, calculated from peak area ratios of the analyte to internal standard, are less affected by differences in extraction method and average 92-107%.
The precision of the extraction procedures was assessed by repeated analysis of plasma containing low therapeutic concentrations of the drugs being investigated. As shown in Table  3 , at 100 ig/L drug concentration, within-run precision (CV) varied between 8.5 and 12.3% for the manual procedure and from 4.7 to 7.1% for the PREP I extraction. Run-to-run CVs for these drugs varied from 9.0 to 12.7% and 5.4 to 8.7% for the manual and automated procedures, respectively.
To test for possible interference by some drugs that may be administered concurrently with TADs, we analyzed aqueous samples to which at least 10 g of each of the drugs listed in Table 4 
